Summary
We D-Limonene (p-mentha-l,8-diene) is a major compo nent in the essential oils of citrus fruits and is widely used for the flavorings of food products, soft drinks, and juices. Furthermore, it has been associated with diverse biological activity spectra, such as antitumor activity against rodent mammary or lung cancer when fed dur ing the initiation phase (1-6), dissolution of human gallstones (7), and modulatory immune response (8) (9) (10) (11) . Monoterpene including D-limonene enhances the percutaneous permeability to relate the absorption of some drugs (12, 13) . It is suggested that D-limonene is absorbed from the intestine and transported mainly through thoracic duct lymph. Then it primarily reaches the lung and may directly affect lung tissues and alveo lar macrophages (MO). On the other hand, there are some reports that terpenoids including D-limonene may irritate the mucous membrane and the skin (14) , and further prolonged exposure of D-limonene may result in an impairment of lung function (15) (16) (17) (18) and kidney (19) (20) (21) (22) (23) .
Despite the great interest in lipid-soluble dietary fac tors, little is known about the role of D-limonene in im munoregulatory functions, particularly in the lung, and the relationship between its absorption process and the function of alveolar MO. The main purpose of the present study is to verify transport via thoracic duct, oc currence, and immune response in the lung after the oral administration of D-limonene to rats. 
RESULTS

Distribution of D-limonene after single oral dosage
Following the administration of D-limonene (1,000 mg/kg), the levels of D-limonene in thoracic duct lymph and lung tissue were peaked at 3h and then decreased at 6-9h (Table 1) . Particularly, the concentration of D limonene in the lung was approximately 6 times higher at 3h than at 1h. Lymph flow in the thoracic duct at 1h after cannulation was slight, and it was then diffi cult to detect by 3h. The concentration of D-limonene in portal vein blood, liver, and serum was peaked at 1h, and it gradually decreased. D-Limonene in the BALF 4) . Number and mitogenic responses of splenocytes The number of splenocytes in rats given D-limonene (500-1,000mg/kg/d) for 8 consecutive days was greater than in the control group, but not significantly ( Table 2 ). The mitogenic responses of splenocytes in rats given D-limonene (250-1,000mg/kg/d) were especially increased by incubation with Con A, and they reached a maximum in rats given D-limonene (500mg/kg/d), but were no greater at 1,000mg/kg/d. The proliferative responses of splenocytes to LPS also were greater in rats given D-limonene (500mg/kg/d) than in control rats, but the increases were not significant. The increases in responsiveness were not larger compared to those with Con A. .05 compared to the controls. racic duct lymph peaked within 3h and decreased 6 or 9h after administration. The lung and BALF also showed the highest level of D-limonene. On the other hand, the D-limonene level in the portal vein peaked within 1h, but the level was about half that in the tho racic duct lymph. These results suggest that D-limonene is absorbed mainly via the thoracic duct from the gas trointestinal tract during several hours, and reaches es sentially the lung and partly, via portal venous blood, the liver. Histological findings of lipid containing D-limonene in the lung demonstrated lipid (D-limonene) exudation into alveolar cavities through the capillary wall of alve olar septa. These findings were concomitant with bio chemically increased levels of D-limonene in the BALE As the mechanism of D-limonene exudate into the alve olar cavity, it has been considered because of the in crease permeability of the alveolar capillary. The high solubility of D-limonene in soybean oil suggests that it is easily absorbed and transferred via a lymphatic path way, and finally via the high permeability of the capil lary wall's cell membrane. In relation to the capillary permeability of D-limonene, the exudation rate depends largely on tissue solubility and the partition coefficients between tissue/blood and blood/air (26) . Therefore the partition coefficients are important for the prediction of toxico or pharmaco-kinetics. For example, Falk Filipsson et al. (18) determined the in vitro blood/air partition coefficients of D-limonene and showed its easy dissolubility in oil and blood. The solubility of D limonene, lipophilic compound, in blood and tissues suggests that its respiratory uptake or release is high. In fact, monoterpenes are partly excreted through the lung, which generates a violet-like odor of the exhaled air (27) . Part of the redissolved monoterpenes is ex haled through the lungs and possibly excreted with the bile. In these experiments, the high affinity of D limonene to lipophilic body compartments such as the capillary wall of alveolar septa may be easily responsible for the exudation of D-limonene into the alveolar cavity. Falk-Filipsson et al. also assumed by the measurement of the surface pressure of the electrical monolayer after nonionic surfactant was injected between the monolay ers. The local irritating action of nonionic surfactants is formed to be parallel with their hemolytic activity (28) . It is considered that the mechanism of exudation into the alveolar cavity through the capillary wall is similar to that of this hemolytic action. 
